Oxidative injury induces influx-dependent changes in intracellular calcium homeostasis.
Understanding of the mechanisms of cell injury and cell death is fundamental to the understanding of both protection against and initiation of cell injury and cell death. We subjected primary cultures of proximal tubular epithelium (PTE) from adult rats to an exogenous oxidative stress, generated by xanthine/xanthine oxidase (X/XOD), and studied its effect on the concentration of cytosolic ionized calcium ([Ca2+]i) by means of digital imaging fluorescence microscopy (DIFM) using a cytosolic calcium probe, fura-2. Exposure to 25 mU/ml X/XOD caused notable increases in [Ca2+]i detectable within 15 sec and increasing to micromolar levels with time. Experiments with Ca(2+)-free medium containing ethylene glycol-bis(beta-aminoethyl ether)N,N,N',N'-tetraacetic acid (EGTA) showed that the increase of [Ca2+]i was due to influx from the extracellular space. Smaller and slower increases in [Ca2+]i were seen after exposure to lower concentrations of X/XOD (5 and 10 mU/ml). PTE injury and killing were assessed by measuring the release of cytosolic lactate dehydrogenase (LDH), exclusion of trypan blue, and observation of morphologic changes. Exposures to the 25 mU/ml concentration of X/XOD caused significant LDH release after 2 hr and correlated with trypan blue staining of exposed cells. Again, lesser concentrations of X/XOD resulted in a slower release of smaller amounts of LDH, and thus delayed trypan blue staining. Cytoplasmic bleb formation was seen by phase microscopy within minutes of exposure to 25 mU/ml, followed by cell rounding, retraction, and disintegration. Transmission electron microscopy revealed a progression of changes characteristic of lethal cell injury, beginning with dilatation of the endoplasmic reticulum, detachment of ribosomes, condensation of mitochondria, and chromatin clumping and terminating with mitochondrial swelling and formation of intramitochondrial flocculent densities. These studies clearly show that notable increases of [Ca2+]i precede both sub-lethal and lethal changes in rat PTE. These results indicate that interventions designed to minimize or to accelerate calcium entry could be of importance in cell preservation or cell killing, respectively, and therefore to therapeutic strategies for myocardial infarction, stroke, or shock in the former instance and for cancers in the latter.